Venous blood samples were taken from eight competitors in mid-evening after a racing day, and in the early morning before the next day's race, three times during the course of the Milk Race, 1992. These were used to gather information about the changes in circulating leucocyte levels in response to the exceptionally high sustained daily workload required during a major multi-stage race. The primary objective was to provide knowledge of 'normal' values against which future clinical judgements of abnormality might be made in these unusual circumstances. During the race, estimated energy output was about 25 MJ (6000 kCal)/day. The mean total circulating leucocyte numbers (per litre of blood), and those of individual leucocyte classes (neutrophil, lymphocyte, monocyte, eosinophil and basophil) were all inside the normal range both in the morning and in the evening. Evening counts were, however, 30-50% higher than morning counts, for all classes except eosinophils. We conclude that individual clinical decisions about leucocyte levels can best be made using normal (sedentary man) values if a morning sample is taken.
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Keywords: heavy exercise, leucocytosis, cycling, circadian This brief study was initiated after reading a newspaper report that a competitor in the 1991 Tour de France had been advised to retire from competition because 'Doctors had found a high white cell count' and suspected a viral infection. No more information than this was given, but it raised the question in our minds 'What is high in the context of the Tour de France?' What standards of normality were applied? Exercise is well-known to induce a substantial leucocytosis, and this may be both transient and delayed, the latter being relatively persistent, even when induced by a limited period of severe exercise'. We decided that it would be useful to seek normal values in the unusual context of a major cycle stage race, by sampling in the two periods when it seems most probable that a competitor might present himself to a doctor with complaints of feeling unwell; namely at the end of a day (in the mid-evening), or early in the morning, soon after waking.
A delayed leucocytosis (at 3h into recovery) has been reported in response to single bouts of exercise2, or even to double bouts of exercise in the laboratory3 that is typically a pure neutrophilia, although following 3 h of exhaustive exercise, monocytosis and eosinopaenia were noted in recovery4. It ) . Seven of the subjects each contributed samples at all of the sampling times; the eighth subject fell heavily late in the race, and so withdrew before the last two samples were taken. In analysing the overnight changes in the cell counts during racing. there was no significant change in the individual results during the progress of the race. In order to avoid weighting effects that can be caused by missing values, the values for the three (or two) evening samples for each subject, and the values for the three (or two) morning samples for each subject, have been averaged, and it was these average values that were then used in testing for differences between morning and evening (using a paired Student's t test). Differences were accepted at the P < 0.05 level of significance.
Results

White cell counts
The total white cell count did not rise significantly with the progress of the race; the mean total white cell counts on six occasions are shown in Figure 1 . The very slight tendency for the counts to rise later in the race was not statistically significant, and any slight individual differences might have been due to the difficulty of the particular day's stage, rather than to any underlying progressive effect of the cumulative stress of the event. For further analysis, therefore, the means of the cell counts in each of the eight subjects sampled in the evenings after racing. or on the Cell count, 10 -x109/l 9- 
Discussion
In general, the haematological characteristics of this highly trained group of competitive cyclists fell into a narrow band, and remained so even in the evening samples, at which time it was still possible to observe some of the effect of a stressful day's racing, this having ended, on average, about 6 h earlier than the evening sampling time.
In general, the PCV, red cell count, and haemoglobin concentration were all rather low. These are normal findings in highly trained racing cyclists, and the values for these three variables resemble those reported previously8. As there is no reason to suppose that there is any traumatic loss of red cells during cycling (as might be inferred if such low values were to be seen in a study of marathon runners, for instance), to have low-viscosity blood may be a physiological adaptation to the heat stress of cycling. It is certainly necessary to perfuse a large bed The levels of white blood cells are clearly slightly low in comparison with those of the general population. It has been shown that no change occurs in the white cell counts of samples anti-coagulated by K-EDTA during storage in a refrigerator (at an unspecified temperature) for 24h11. There was some evidence of a left-shift among the granulocytes in our samples (meaning that the nucleus was less lobulated and indented, which implies youthfulness among the cirulating population of cells) which may have a shorter half-life in these very active young men. This also suggests that a slightly low cell count is a genuine result, and was not due to technical artefacts.
Most of the leucocyte levels in the evening samples, as compared to the morning samples (neutrophils, lymphocytes, monocytes, and basophils) were elevated. While a relative neutrophilia is frequently and usually reported in delayed leucocyto-sis, this almost general increase in leucocytes (eosinophils excepted) differs from the usual pattern seen as a response during recovery from more 'normal' amounts of exercise. Soon after shorter periods of heavy exercise (e.g. periods of up to 1 h), at about 2-6 h into recovery, a lymphopaenia has been reported4' 12. However, in all respects, the more general leucocytosis we observed about 6 h after this more prolonged heavy exercise (these races took about 4 h per day) was of modest degree, and one must also consider the possibility of seeing diurnal changes (due to circadian rhythms) when samples are taken 12 h apart.
The sampling times that we used would not necessarily catch diurnal peaks and troughs. For eosinophils, it is likely that the samples were taken as the count was still falling in the morning, and rising again in the evening, leaving the observed values little different; this is the expected outcome given the times of sampling used in relation to the normal diurnal rhythm. There is a well-described diurnal rhythm for eosinophils'3 14, with a trough at 1000 h and a peak at or after midnight (2400-0400 h). There is a less convincingly-documented rhythm for basophils which seems to be generally similar15; we have found very little published data on these cells. We observed an increased level in the evening in this case. Both of these cell types, along with lymphocytes, appear to be depressed by rising cortisol levels, but to recover in the night when cortisol levels are low16. The 
